Introduction
Calcium pyrophosphate deposition (CPPD) disease is characterized by deposition of calcium pyrophosphate crystals inside the hyaline cartilage, fibrocartilage, and soft tissues [1, 2] . The most common sites for CPPD are the meniscal fibrocartilage of the knee, hyaline cartilage of the femoral condyles, triangular fibrocartilage of the wrist, symphysis pubis discus, acromio-clavicular fibrocartilage, and the hyaline cartilage of the shoulder, hip, and ankle [3, 4] .
The standard tool for diagnosis is synovial fluid analysis with identification of calcium pyrophosphate (CPP) crystals by microscopy using compensated polarized light [5] . McCarty criteria used for a definite diagnosis of CPPD require the presence of CPP crystals in the synovial fluid analysis and typical radiographic calcifications [1] . The presence of a thin, parallel line with the articular surface (hyaline cartilage calcification) and/or punctate fibrocartilage calcification in knees, symphysis pubis, wrists, hips, elbows, and ankles is considered as evidence of CPPD [4, 6] .
Ultrasound (US) evaluation of CPPD is of great interest because of the high sensitivity and specificity of the method compared to conventional radiography. US was included in EULAR recommendations as an alternative imaging technique in the CPPD diagnostic approach [2, 7, 8] . Three US patterns of CPP deposits are described: a thin hyperechoic band, parallel to the surface on the inside of the hyaline cartilage; hyperechoic spots in the fibrocartilage; and hyperechoic nodular or oval deposits in bursae and articular recesses [7, 9] .
Due to the absence of histopathological correlations, no agreement in US evaluation in CPPD exists. It is not clear which joints should be screened, which definition should be used, and if the US changes are specific for CPPD.
The aim of this study was to systematically examine by US all the joints potentially affected by CPPD in patients with CPPD following the McCarty criteria, in order to assess the presence and distribution of the CPP deposits. Our secondary aim was to correlate the clinical data with US findings.
Material and methods
This prospective study was performed in the Rheumatology Department, Emergency Clinical County Hospital Cluj-Napoca, Romania, between January 2015 and January 2017. Patients who fulfilled McCarty diagnostic criteria for CPPD were consecutively enrolled in the study. Exclusion criteria were patients under 18 years of age, the presence of gout or/and other inflammatory rheumatic diseases.
Clinical examination All patients were evaluated by the same rheumatologist. Data about age (years), sex, weight (kg), height (m 2 ), body mass index (BMI), type of joint involvement (monoarticular -1 joint, oligoarticular -2-4 joints, polyarticular ≥5 joints), the form of arthritis (acute, chronic), and symptoms duration were recorded.
US examination US examinations were performed using an Esaote My Lab25 Gold with 5-10 and 10-18 MHz linear probes by the same examiner. The US scanning technique was performed according to the standard musculoskeletal ultrasound guidelines [10, 11] . In every patient 13 joints were systematically examined: the acromio-clavicular joints (longitudinal scans), the gleno-humeral joints (posterior transverse scan for posterior glenoid labrum), wrists for the triangular fibrocartilage (longitudinal scan with the wrist in pronation and slight radial deviation, on the lateral aspect of the wrist), the hips (anterior longitudinal and transverse scan with the hip in a neutral position for hyaline cartilage and fibrocartilage), the knees (anterior scans with the knee in maximum flexion for the hyaline cartilage and medial and lateral scans with the knee flexed at 30 0 ), the ankles (anterior and transverse scans for the hyaline cartilage) and the symphysis pubis (transverse scan for the fibrocartilage).
The protocol included searching for calcific deposits on cartilage and fibrocartilage. Frediani's US patterns [7] were used for detecting evidence of CPPD: pattern 1 -thin hyperechoic bands, parallel to the surface of the hyaline cartilage; pattern 2 -thin hyperechoic spots in fibrocartilage; and pattern 3 -homogeneous hyperechoic nodular or oval deposits in the fibrocartilage. (fig 1) . The US registered data included the affected joint, the pattern of calcification (1, 2, or 3) and the calcification site (fibrocartilage, hyaline cartilage).
Radiographic examination A radiologist experienced in evaluating musculoskeletal system disorders studied the radiographic images. Hyaline cartilage calcification and punctate fibrocartilage calcification in at least one of the joints were considered proof of CPPD. Hyaline cartilage calcification was defined as a radiodense linear, parallel with the subchondral bone, in the middle zone of the cartilage, while fibrocartilage calcification is described as more dense, punctuate [6, 12] .
The synovial fluid analysis was performed using polarized light microscopy. Crystals with a parallelepipedic or rhomboid shape and weak birefringence were considered as CPP crystals.
All patients included in the study gave their consent for participation, and the University Ethics Committee approved this research.
Statistical analysis was performed using Microsoft Excel. Results are presented as a mean±standard deviation (SD). We considered a level of p<0.05 statistically significant.
Results
Thirty patients with CPPD were included in the study. The demographics and clinical data of the enrolled patients are detailed in Table I . All patients had knee effusion that was available for aspiration and for synovial fluid analysis. A total of 390 joints were scanned, in 30 patients. US calcifications were found in 88 joints (22.56%).
Distribution of affected joints
The mean±SD number of joints with US evidence of CPPD per patient was 2.93±1.8 (range 1-9) ( Table II) .
The most frequent CPP deposition was found in the knee followed by the wrist. Symphysis pubis involvement was found in two patients and all these two patients had a mean average of 5.5 joints affected by CPPD. Data regarding the distribution of the joints with CPPD evidence on US are summarized in Table III .
US pattern and CPP deposits sites
The second US pattern was the most common, followed by the first and the third pattern (Table IV) . In addition, the second pattern was more frequent in patients with monoarticular or oligoarticular disease and in patients with acute arthritis (fig 2, Table IV) .
Radiographic evidence of CPPD were found in 46 (60%) knees (in 16 knees bilateral and in 14 unilateral).
All patients had at least one knee joint with radiographic CPPD proof. Using radiography as the reference method, the sensitivity and specificity of US for diagnosis 
Discussions
US is a useful, inexpensive, noninvasive, quick tool for detecting even small deposits of CPPD, with high specificity and sensitivity, and without irradiation risks. There are some studies, which evaluate CPPD by US, the most common at the knee joint, and only a few at multiple sites [8, 9, [13] [14] [15] [16] [17] . There is no agreement about which joints should be screened and no universal accepted ultrasound definition for CPPD. The most used definition for CPPD are those described by Frediani et al [7] . Recently, the Outcome Measures in Rheumatology (OMERACT) defined the US characteristics of CPPD in the fibrocartilage, hyaline cartilage, tendon and synovial fluid (reliable in the assessment of the knee fibrocartilage and hyaline cartilage) together with intra and interobserver reliability. The new definitions included the form, the shape, localization, and the behavior at dynamic scanning of the CPPD deposits [18] .
To our knowledge, this is the first study which evaluates the 13 possible sites for CPPD using US.
The result regarding the clinical presentation, in terms of monoarthritis and oligoarthritis, also the female predominance were in agreement with other studies. The mean age in our study was lower compared with other studies [17, 19, 20] but higher than Ellabban et al study [16] . Regarding the presentation form, as acute or chronic arthritis, our results were not in agreement with Filippou et al results. They found the chronic arthritis form as the most common [21] . In the same study, in which they assessed the extent and distribution of CPP deposits in 2-5 metacarpophalangeal joints, wrists, knees, Achilles tendon, and plantar fascia the authors found also the knee to be the most common joint affected by CPPD [21] . The same results were obtained when conventional radiography was used as a tool of investigation in the Abhishek et al study [22] .
Filippou's et al study found the mean number of US affected joints (4.7) higher comparative with our study (2.93) probably because of different joints scanned and the multiple sites examined at the knee level. In addition, they did not find any correlation between clinical presentation and the number of involved sites by CPPD, contrary to our results. We observed that our patients who presented with an acute arthritis form or polyarticular disease had a mean US joint involvement significantly higher comparing with Filippou et al [21] . Another interesting finding was the frequency of the second ultrasound pattern in patients with monoarticular, oligoarticular disease and in patients with acute arthritis. Ellaban et al conducted a study at multiple sites in which examined the shoulders, elbow, wrist, and knee joint by using US. Similar to our study, the knee was the most affected joint and the second US pattern (hyperechoic spots) was the most frequent [16] but no correlation between clinical data and US findings were found. The higher frequency of knee involvement in CPPD was found also in other studies [8, 13] .
We found no US study to examine the symphysis pubis in CPPD patients. In our study, the prevalence of US symphysis pubis involvement was 6.66%. In a radiographic study of Abhishek et al the prevalence of CPPD in symphysis pubis was 3.6%. In another two computed tomography studies, the prevalence of CPPD in symphysis pubis was 21.1% [23] , and 12.5-27.5 % [24] . Ramonda et al found in a radiographic study a prevalence for symphysis pubis involvement, of 33.1% [19] .
In agreement with other studies, we found the fibrocartilage as the most frequent site of CPP deposits per total and also at the knee level [16, 21] . With regard to medial versus lateral meniscus involvement by CPPD deposits, we found no significant differences between two sites, similar to Filippou et al [21] .
Our results demonstrated high sensitivity and low specificity for US when radiography was considered as standard. These findings are not in agreement with other studies, which found a high specificity [3, 16] .
Our study has some limitations. First, the study has a small number of patients. Also, we did not assess the intra and interobserver reliability for US and radiographic findings. The presence of CPP crystals was confirmed by microscopy only in the knee joints and we only assumed that in other joints the deposits are formed by CPP (this is, in fact, the main limitation of all other published studies). The lack of comparison of US with computer tomography and magnetic resonance imaging findings is another limitation of our study. Also, we did not evaluate by radiography all the joints scanned with US, especially due to the high dose of radiation need for all these sites.
Conclusions
US examination is a useful imaging technique to determine the distribution of CPP deposits. This is important especially because CPPD generally are present in more than one joint, not strictly related to clinical presentation. The knee joint and the wrist are the most common joints involved by CPPD, the hyperechoic spots is the most frequent US pattern and fibrocartilage is more frequently affected compared to the hyaline cartilage.
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